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Abstract —This article presents an exciting finding for the 
power industry: the parameters of secondary frequency control 
based on integral or proportional Integral control can be tuned 
to achieve economic operation and frequency regulation simul¬ 
taneously. We show that if the power imbalance is represented 
by frequency deviation, an iterative dual decomposition based 
economic dispatch solving is equivalent to Integral control. An 
iterative method of multipliers based economic dispatch is equiv¬ 
alent to proportional integral control. Similarly, if the controller 
parameters of the secondary frequency controls are chosen 
based on generator cost functions, these secondary frequency 
controllers achieve both economic operation and frequency reg¬ 
ulation simultaneously. 

Index Terms —Economic dispatch; dual decomposition; method 
of multipliers; secondary frequency control 

1. Introduction 

We will start with a two-area system to explain our finding. 
In Section II, dual decomposition based iterative economic 
dispatch problem is presented. The corresponding continuous 
dynamic model is then derived. In Section III, method of 
multipliers based iterative approach is presented. The contin¬ 
uous dynamic model is again derived. We show that if the 
power imbalance can be represented by frequency deviation, 
the former approach is similar as integral control and the latter 
approach is similar as proportional integral control. 

This finding has a revolutionary meaning for the power 
industry. The parameters of the feedback control for each gen¬ 
erator (input: frequency deviation, output: turbine-governor’s 
power reference) can be selected according to generator cost 
functions. This selection will lead to frequency regulation and 
economic operation simultaneously. 

II. Dual Decomposition Based Iterative Economic 
Dispatch 

For a two-area system, each area with a generator (dispatch 
level Pi) and a load (Di), the economic dispatch problem is 
expressed as follows. 

min Cl (Pi) -I- C 2 (P 2 ) 

Pl,P2 

subject to: Pi + P 2 = Di + 02 - (1) 

where Ci{Pi) = OiPf -\- EPi -f Ci is the cost function. 

Z. Miao and L. Fan are with Department of Electrical Engineering at 
University of South Florida, Tampa, FL 33620 (Emails: zmiao@usf.edu, 
linglingfan @ usf.edu) 


The dual problem is as follows. 

max min Ci(Pi)-f A(Pi — Pi) 

A Pi 

-f min C 2 (P 2 ) + \{D 2 - P 2 ) (2) 

P2 

For a given A, Area 1 and Area 2 can carry out minimization 
problems separately. The price A is then updated to maximize 
the objective function of the dual problem. In addition, the 
power imbalance will be represented by the frequency devi¬ 
ation with a gain. The iterative procedure of A update is as 
follows. 

Afc+i ^ ^ ^ D 2 - Pi-P 2 ) (3) 

= A'^ - ATA/'^ (4) 

Ignoring the generator limits, the marginal costs of the gener¬ 
ators should equal to the price at each step. 

A'= = 2aiPi'=-f&i = 2a2P2'= + 62 . (5) 

Therefore, the iteration for the power commands that will 
be sent to the turbine governors are: 

pfc+i = pfc - Aa/^ (6) 

Z(X\ 

pfc+1 = P^ - (7) 

The continuous dynamic model of the above procedure can 
be obtained using Forward Euler approximation for deriva¬ 
tives. 

tPi = -i^Afi ( 8 ) 

2cii 

tP 2 = -^Af2 (9) 

2a2 

where r is the step size of the discrete iteration. 

Remarks: the continuous dynamic model not only indicates 
that dual decomposition-based economic dispatch is equivalent 
to an integrator in secondary frequency control, but also 
indicates that if the gains of the integral controllers for 
generators are chosen based on generators’ cost functions, 
the local feedback control can realize economic dispatch and 
frequency regulation simultaneously. 
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III. Method of Multipliers Based Iterative 
Economic Dispatch 

In method of multipliers, an additional term related to an 
equality constraint is added to the objective function. The 
advantage of method of multipliers is to achieve faster con¬ 
vergence compared to dual accent method 0 - Our economic 
dispatch problem now becomes: 

min Cl (Pi) + C 2 (P 2 ) + a(^i + P 2 — Pi — ^ 2 )^ 

( 10 ) 

subject to: Pi + P 2 = Pi + P 2 . (11) 


Again, the power imbalance can be reflected by frequency 
deviation. The A update procedure now becomes 

Afc-ti = + p{Di + D2- P^ - P^) 


= A'^ - KAf. 

(12) 

For a given A^, P^ and P* should minimize the following 
objective function: 

L{Pi, P 2 ) — Cl (Pi) + C2{P2) + +^(Ci + P 2 — Pi 

-P 2 )" 

+ A'=(Pi + P 2 - Cl -P 2 ). 

(13) 

The arguments that minimize P(Pi,P 2 ) can be found by 
setting the gradients related to Pi and P 2 to zeros. 

Qj 

1! II 

0 0 

(14) 

For the two-area system, we hnd the relationship of P^, P 2 
versus A^ as follows. 

A'^ = 2aiPf + h- p{Di +D 2 - P(= - P^) 

(15) 

= 2a2P2 +b2- p{Di +D 2 - Pf - P^) 

(16) 

A'^ = 2aiPf + bi+ KAfi 

(17) 

= 2,a2P2 + (^2 + PA /2 

(18) 


The iteration for the power commands can be found by 
replacing A in ( |T^ by ( |T8] l. 

2ai{P^+^ - P^) + K{Af+'^ - Af) = -KAf 
2a2{P2^^ - P 2 ) + K{Af+^ - Af) = -KAf. (19) 


Using the Forward Euler approximation for derivatives, the 
continuous dynamic model is the found to be: 


2aiTA + KrAf = -KAfi 
2o2rP2 + KrAf = -KAh ■ (20) 


The transfer functions for the above model are as follows. 
Pi -K 


1+1 

TS 

1 


1 


( 21 ) 

( 22 ) 


A/i 2ai 
P 2 _ -K 
A/2 " 202 

Remarks: the continuous dynamic model not only indicates 
that method of multiplers-based economic dispatch is equiv¬ 
alent to a proportional integral (PI) controller in secondary 


frequency control, but also indicates that if the gains of the 
PI controllers for generators are chosen based on generators’ 
cost functions, the local feedback control can realize economic 
dispatch and frequency regulation simultaneously. 

The two dynamic models also indicate that method of 
multiplier-based iteration can achieve faster convergence com¬ 
pared to dual decomposition-based iteration. The former is 
viewed as a PI control while the latter is viewed as an integral 
controller. The PI controller should lead to faster response than 
the integral controller. 

IV. Conclusion 

In this article, we claimed hndings of important practice 
value for the power industry. The hnding is regarding sec¬ 
ondary frequency control: the parameters of the controls can 
be set based on generators’ cost functions to realize economic 
operation. We discovered the hndings by examining the ap¬ 
proximate continuous models for two iterative approaches: 
method of multipliers and dual decomposition. The former is 
equivalent to PI control while the latter is equivalent to integral 
control. 
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